Vertebrate brains at the pilot light.
While the brains of most vertebrates are unable to tolerate more than a few minutes of anoxia, some freshwater turtles (Trachemys and Chrysemys), crucian carp (Carassius carassius) and frogs (Rana pipens and Rana temporaria) can survive anoxia for hours to months. Obviously, anoxia tolerance has evolved separately several times and this is also reflected in the divergent strategies these animals utilize to survive without oxygen. The turtles and crucian carp defend their brain ATP levels and avoid a loss of ion homeostasis by reducing ATP use. In the turtles, the early release of adenosine and the activation of K(ATP) channels, a progressive release of GABA and a drastic reduction in electric activity and ion fluxes send the brain into a comatose like state. The crucian carp displays a more modest depression of ATP use, probably achieved through a moderated release of GABA and adenosine, allowing the animal to maintain physical activity in anoxia. The anoxic frog, on the other hand, seems to rely on mechanisms that greatly retard the anoxia induced fall in ATP levels and loss of ion homeostasis, so that the brain can be saved as long as the anoxia is limited to a few hours. The sequence of events characterizing the anoxic frog brain is similar to that of failing anoxic mammalian brain, although over a greatly extended time frame, allowing the frog to die slowly in anoxia, rather than survive. By contrast the only factor that limits anoxic survival in turtles and crucian carp may be the final depletion of their glycogen reserves.